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Box No. I TITLE OF INVENTION 

REINFORCING ELEMENT OF UNDERGROUND PIPE, AND TRENCHLESS REPAIRING 
AND REINFORCING METHOD USING THE SAME 


Box No. II APPLICANT [^| This person is also inventor 


Name and address: (Family name followed by given name: for a legal ent try, full official designation, 
TJie address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant s State (that is. country) of residence if no State of residence is indicated below.) 

Korea Advanced Institute of Science and Technology 

373-1, Koosung-dong, Yusong-gu 
Taejon 305-701, Republic of Korea 


Telephone No. 


Facsimile No. 

82-42-869-2441 


Teleprinter No. _ ^ - 

F 82-42-869-4930 


Applicant's registration No. with the Office 


State (that is. country) of nationality:. 

KK 


State (that is, country) of residence: 

K.J\ 


This person is applicant 1 1 all designated Y all designated States except j J the United States ["— 1 the States indicated in 
fnr the purposes r>f 1 1 States A the United States of America | | of America only I . J the Supplemental Box 


Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 


Name and address: (Family name followed by given name; for a legal entity, full official designation. 
TJie address must include postal code and name of country. The country of the address indicated in th is 
Hv.x is the applicant s State (that is, country) of residence if no State of residence is indicated below.) 

YOO, Ae Kwon 

1802-115, LG Village, Sungbok-ri, Suji-up, 
Youngin-si, Kyonggi-do 449-840, 
Republic of Korea 


This person is: 

| | applicant only 

| X | applicant and inventor 

| I inventor only (If this check-box 
1 ! is marked, do not Jill in below.) 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 
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State (that is, country) of residence: 
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This person is applicant ^ all designated [ 1 all designated States except 1 1 the United States I 1 the States indicated in 
for the purposes of: States 1 1 the United States of America I 1 of America only I 1 the Supplemental Box 
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The person identified below is hereby/has been appointed to act on behalf y 
of the applicant(s) before the competent International Authorities as: A 


. opnt 1 1 common 
agcm I | representative 


Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of 'country.) 

JEON, Young 11 

#4202, Trade Tower, World Trade Center, 
Kangnnm-ku. Seoul 1 35-729, Republic of Korea 


Telephone No. 
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S2-2-551-8934 
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CHIN, Woo Seok 

301-1403 Daewoo Yeolmae APT., 
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Taejon 302-782, Republic of Korea 
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| [ applicant onJy 

fx] applicant and inventor 

1 | inventor only (If this check-box 
i — 1 is marked, do not fill in below.) 


Applicant' s registration No. with the Office 


btate (that is, country) of nationality: 

KR 


State (that is, countn) of residence: 

KR 


This person is applicant j 1 a u designated f 1 all designated States except nTT! 

for the purposes of: 1 | States | | the United States of America 1_X 
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Seocho-gu, Seoul 137-040, Republic of Korea 


This person is: 

I | applicant only 

| X| applicant and inventor 

1 1 inventor only (If this check-box 
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Applicant's registration No. with the Office 
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KR 
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| [ applicant only 
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Box No. V DESIGNATION OF STATES Mark the applicable check-boxes below; at least one must be marked. 



The following designations are hereby made under Rule 4.9(a): 
Regional Patent 

H AP ARIPO Patent: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, MZ Mozambique, SD Sudan. 

SL Sierra Leone, SZ Swaziland, TZ United Republic of Tanzania, UG Uganda, ZW Zimbabwe, and any other State which is 

a Contracting State of the Harare Protocol and of the PCT 
H EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of Moldova. 

RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State of the Eurasian 

Patent Convention and of the PCT 

IS EP European Patent: AT Austria, BE Belgium, CH & LI Switzerland arid Liechtenstein, CY Cyprus. DE Germany, 
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Italy, LU Luxembourg! 
MC Monaco, NL Netherlands, PT Portugal, SE Sweden, TR Turkey, and any other State which is a Contracting State of 
the European Patent Convention and of the PCT 

OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Cote dTvoire. CM Cameroon. 
GA Gabon, GN Guinea, G W Guinea-Bissau, ML Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad. TG Togo, and anv 
other State which is a member State of OAPI and a Contracting State of the PCT (if other kind of protection or treatment desired, 
specify on dotted line) 



H OA 



Iceland 
Japan . 



National Patent (if other land of protection or treatment desired, specify on dotted line): 

D3 AE United Arab Emirates 03 GE Georgia 

IS AG Antigua and Barbuda IS GH Ghana 

IS AL Albania IS GM Gambia 

B AM Armenia IS HR Croatia . . . 

IS AT Austria B HU Hungary 

IS AU Australia IS ID Indonesia 

IS AZ Azerbaijan IS IL Israel 

IS BA Bosnia and Herzegovina E IN India 

53 IS 

CS BB Barbados IS JP 

H BG Bulgaria K\ KE Kenya 

H BR Brazil IS KG Kyrgyzstan 

IS BY Belarus IS KP Democratic People's Republic 

IS BZ Belize of Korea 

KJ CA Canada □ KR Republic of Korea 

H CH & LI Switzerland and Liechtenstein S KZ Kazakhstan 

SI CN China IS LC Saint Lucia 

53 CO Colombia 53 LK Sri Lanka 

IS CR Costa Rica IS LR Liberia 

IS CU Cuba H LS Lesotho 

S CZ Czech Republic H LT Lithuania 

IS DE Germany S LU Luxembourg 

S DK Denmark IS LV Latvia 

S DM Dominica S MA Morocco 

0 DZ Algeria . . . ' 13 MD Republic of Moldova 

SI EE • Estonia 

S ES Spain K) MG Madagascar 

IS FI Finland [S MKThe former Yugoslav Republic of 

IS GB United Kingdom Macedonia 

CS GD Grenada ED MN Mongolia 



5J MWMalawi 

H MX Mexico 

IS MZ Mozambique 
IS NO Norway 

IS NZ New Zealand 

IS PL Poland 

IS PT Portugal 

H RO Romania 

KJ RU Russian Federation . 



IS SD Sudan 

H SE Sweden 

IS SG Singapore 

El SI Slovenia 

IS SK Slovakia 

13 SL Sierra Leone 

SI TJ Tajikistan 

IS TM Turkmenistan 

IS TR Turkey 

EJ TT Trinidad and Tobago 



IS TZ United Republic of Tanzania 

IS UA Ukraine 

IS UG Uganda ' 

GS US United States of America . . . 



SI UZ Uzbekistan . . 
IS VN Viet Nam . . . 
H YU Yugoslavia . 
KJ ZA South Africa . 
(3 ZW Zimbabwe . . 



Check-boxes below reserved for designating States which have become panv to the PCT after issuance of this sheet: ■ 
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Precautionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9fb) all 
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excluded from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that 
any designation which is not confirmed before the expiration of 1 5 months from the priority date is to be regarded as withdrawn by the 
applicant at the expiration of that lime limit. (Conftrmutinn (including fees) must reach the receiving Office within the /5-month time limit.; 
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Box No. VI PRIORITY CLAIM 



The priority of the following earlier appiication(s) is hereby claimed: 



Filing date 
of earlier application 
(day/month/year) 



Number 
of earlier application 



Where earlier application is: 



national application: 
country 



regional application: 1 
regional Office 



international application 
receiving Office 



item (I) 
08 August 2001 
(08,08,2001) 

item (2) 



2001-47684 



KR 



item (3) 
item (4) 



item (5) 



I I Further priority claims are indicated in the Supplemental Box. 



The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier application(s) (only 
if the earlier application was filed with the Office which for the purposes of this international application is the receiving Office) identified 
above as: . ... ° M 

□ all items [\] item (1) □ item (2) Q item (3) □ item (4) □ item (5) riS tllcr i see , 

— ' v ' 1 — 1 Supplemental Box 

l!2Zl1 l ^ H JZ Q W Ucat *? n i?" WPOaprtntion t indicate at least one country party to the Paris Convention for the Protection 'of 
Industrial Property or one Member of the World Trade Organization for which that earlier application was filed (Rule 4J0(b)(ii)): . . . 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



te-S !£ff£S Authorises are competent to carry out the 

ISA/..KR 



Request to use results of earlier search; - reference to that search (if an earlier search has been carried out by or requested from the 
international Searching Authority): 



Date (day/month/year) Number 



Country (or regional Office) 



Box No. VIII DECLARATIONS 



The following declarations are contained in Boxes Nos. VIII (i) to (v) (mark the applicable 
check-boxes below and indicate in the right column the number of each type of declaration): 

^2 B ° x No. VIII (i) Declaration as to the identity of the inventor 

^] Box No. VIII (ii) Declaration as to the applicant's entitlement, as at the international filing 

date, to apply for and be granted a patent 

□ Box No. VIII (iii) Declaration as to the applicant's entitlement, as at the international filing 

date, to claim the priority of the earlier application 

□ Box No. VIII (iv) Declaration of inventorship (only for the purposes of the designation of the 

United States of America ) 

O Box No - Vm ( y ) Declaration as to non-prejudicial disclosures or exceptions to lack of novelty 



Number of 
declarations 
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Box No. IX CHECK LIST; LANGUAGE OF FILING 



This intemationa] application contains: 

(a) the following number of 
sheets in paper form: 

request (including 
declaration sheets) 

description (excluding 
sequence listing part) 
claims 
abstract 
drav/ings 

Sub-total number of sheets 



11 
2 
1 

7 



26 



sequence listing part of 
description (actual number 
of sheets if filed in paper 
form, whether or_ not also 
filed in computer readable 
form; see (b) below) 

Total number of sheets 



26 



(b) sequence listing part of description filed in 
computer readable form 

(0 □ only (under Section 801 (a)(i)) 

(ii) □ in addition to being filed in paper 
form (under Section 80I(a)(ii)) 

Type and number of carriers (diskette, 
CD-ROM : CD-R or other) on which the 
sequence listing part is contained (additional 
copies to be indicated under item 9(H), in 
right column): 



Figure of the drawings which 
should accompany the abstract: 



This international application is accompanied by the following 
item(s) (mark the applicable check-boxes below and indicate in 
right column the number of each item): 

1. 0 .fee calculation sheet 

2. [X] original separate power of attorney 
3- □ original general power of attorney 

4. □ copy of general power of attorney; reference number, 

if any: 

5. □ statement explaining lack of signature 

6. □ priority document(s) identified in Box No. VI as 

item(s): 

7. □ translation of international application into 

(language): 

8. □ separate indications concerning deposited microorganism 

or other biological material 

9. □ sequence listing in computer readable form (indicate also type 

and number of carriers (diskette, CD-ROM, CD-R or other )) 
(i) □ copy submitted for the purposes of international search 
under Rule 13/er only (and not as part of the 
international application) : 

(ii) □ (only where check-box (b)(i) or (b) (it) is marked in left 
column) additional copies including, where applicable, 
the copy for the purposes of international search under 
Rule-13/er . 

(iii) □ together with relevant statement as to the identity 
of the copy or copies with the sequence listing part 
mentioned in left column : 
1 0. □ other (specify): . 



Language of filing of the 
international application: 



English 



Number 
of items 



Box No. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 

Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not obvious from reading the request). 




1. Date of actual receipt of the purported 9 * M«i*r*.-«y*s»"-* •— : 

international application: L. \ ffHtl $21 Ii 01 ) 


2. Drawings: 
| | received: 

not received: 


3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 


4. Date of timelv receipt of the required 
corrections under PCT Article 1 1(2): 


5. International Searching Authority 

(if two or more are competent): ISA / jCR. 


6. I 1 Transmittal of search copy delaved 
I 1 until search fee is paid 



Fur Inicrnniiimal Bureau use otilv 



Date uf receipt of the record copv j 
by the Internimdna! Bureau: " - i 
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FEE CALCULATION SHEET 
Annex to the Request 



Applicant's or agent's 
file reference 



PO2001-13PCT 



International Application No. 



Date stamp of the receiving Office 



2LU. 200L" 



Applicant 



Korea Advanced Institute of Science and Technology, et al. 



CALCULATION OF PRESCRIBED FEES 

1. TRANSMITTAL FEE 

2. SEARCH FEE 

International search to be carried out by 

(If two or more international Searching Authorities are competent to carry out the international 
search, indicate the name of the Authority which is chosen to carry out the international search) 

3. INTERNATIONAL FEE 
Basic Fee 

Where item (b) of Box No. IX applies, enter Sub-total number of sheets ) 26 



45.000 



150,000 [T| 



Where item (b) of Box No. IX does not apply, enter Total number of sheets } ~ 
first 30 sheets I 500,000 



bl 



bl 



fee per sheet 



[b2] x 

number of sheets 

. . in excess of 30 

1 1>3 1 additional component (only if sequence listing pan of description 
is filed in computer readable form under Section 801(a)(i), or 
both in that form and on paper, under Section 80I(a)(ii)): 



400 x 



fee per sheet 

Add amounts entered at bl, b2and b3 and enter total at B . . 
Designation Fees 

The international application contains ^ designations. 
6 " 108,000 



M 

500,000 [^] 



number of designation fees 
payable (maximum 6) 



amount of designation fee 



Add amounts entered at B and Dand enter total at I 

(Applicants from certain States are entitled to a reduction of 75% of the 
intemationalfee. Where the applicant is (or all applicants are) so entitled, the total 
to be entered at J is 25% of the sum of the amounts entered at B and D.) 

4. FEE FOR PRIORITY DOCUMENT (if applicable) . . 



648,000 f51 

1,148,000 ryj 



5. TOTAL FEES PAYABLE 

Add amounts entered at T, S, 1 and P, and enter total in the TOTAL box 



1,343,000 



TOTAL 



I I The designation fees are not paid at this time. 



MODE OF PAYMENT 

1 | authorization to charce 

— 1 deposit account (see Below) 

I I cheque 



I I postal money order [X] cash 

□ bank draft Q revenue stamps 



I I coupons 

□ other (specif')-' 



AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT 
(This mode of payment may not be available at all receiving Offices) 

I I Authorization to charge the total fee? indicated above, 

I I (This check-box maybe marked only ij'thtrcntuiilinnsjhr i7k;jom/ accounts 
of the receiving Office so permit) Authorization lo charge any dcfieiciuv 
or credit any overpayment in the total fees indicated abo\ c. 

I I Authorization to charge the fee for priority document. 



Receiving Office: RO/_ 

Deposit Account No.: 

Date: 



Name: 



Siunaturc: 
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Application. 
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Date(dd/mm/yy) 25 / 10 / 2001 
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REINFORCING ELEMENT OF UNDERGROUND PIPE. AND 
TRENCHLESS REPAIRING AND REINFORCING METHOD USING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a reinforcing element, and more particularly, to a 
reinforcing element for reinforcing an inner wall of an underground pipe in a trenchless 
manner. The present invention is also directed to a method for repairing and reinforcing 
an underground pipe in a trenchless manner using fiber reinforced composite materials. 

2. Description of the Prior Art 

About 40% to 50% of underground pipes in the country have been subjected to 
strength degradation, cracking, breakage and corrosion due to a long-term use and poor 
maintenance. In case of a sewer pipe, since various kinds of waste water have flowed 
into the ground through damaged parts thereof, they causes pollution of soil and 
underground water and causes ground subsidence. Further, rainwater introduced into the 
underground pipe through the damaged parts creates many problems such as increase of 
the cost of sewage treatment. In case of a gas pipe, an explosion accident is likely to 
occur when gas leaks through damaged parts of the gas pipe, which may lead to great life 
damages. In addition, in case of a communication conduit, when underground water and 
the like permeate into the conduit through damaged parts thereof, high-priced 
communication cables may be damaged and communication interruption may occur. 
Thus, it results in loss of social overhead capital. 

Further, since most of the underground pipes already constructed in the country 
have been used for a long time and have been designed and constructed without 
considering mechanical relationship between a buried depth thereof (a depth that the 
underground pipes are buried) and an overhead load thereof (a load that is applied by earth 
volume and vehicles above the underground pipes), and the maintenance thereof has been 
poor, they are generally degraded prior to designed life span thereof. As described in the 
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foregoing, these damaged underground pipes have many problems such as environment 
pollution resulting from the waste water leakage, increase of the cost for sewage treatment, 
explosive hazard resulting from gas leakage, and loss of the social overhead capital 
resulting from the communication cable damages. 

Nevertheless, in a case where these problems occurred, in order to repair or 
replace old underground pipes with new ones, a restriction of the traffic for a considerable 
time on a road under which the troubled underground pipes have been installed was made 
and the road was excavated by using a large number of workers and heavy construction 
equipment. However, since the above measures require a large quantity of expenses and 
10 time involved with expense of digging unimpaired roads, loss of the social overhead 
capital resulting from the traffic control for a long time, expense of repaving the roads and 
the like, a new trenchless rehabilitation method for shortening the period of construction 
and reducing the expenses is being nowadays developed to overcome the disadvantages of 
traditional excavation techniques. 
15 Trenchless repairing methods that have been developed until now include a slip 

lining, a cured-in-place lining (CIPL), a close-fit lining and a spirally wound pipes lining 
and the like as examples of such developments. The most representative ones among 
these methods are a method of inserting an "inside-out" tube made of polyester resin 
impregnated nonwoven fabric and a spirally wound pipes lining using thermoplastic resin. 
20 However, according to the former method, since the tube should be stored in a 

• frozen state to prevent the polyester resin impregnated into the nonwoven fabric from 
being cured prior to the construction, a refrigerator vehicle is always used. Further, since 
the construction should be immediately performed just after the nonwoven fabric has been 
inserted. into the tube, there are shortcomings in that it is very troublesome and requires a 
25 great deal of construction expense. Alternatively, according to the spirally wound pipes 
lining using the thermoplastic resin, there are shortcomings in that a large heater for 
melting down the thermoplastic resin is needed and an additional power supply (i.e., a 
motor) for transferring the highly viscous resin is also required. 

Korean Patent No. 217696 discloses a technique related to "a liner for repairing 
30 degraded pipe and the coating method of the liner/" 
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Referring to FIG. 1, the technical features of the invention disclosed in the patent 
are briefly described as follows. The invention according to this prior art is directed to a 
protective layer by which wrinkles can be prevented from occurring onto an inner surface 
of a liner 1 owing to variation of the thermal expansion coefficients of a glass-fiber layer 2 
5 and an inner foil 3 and the liner can be prevented from being broken, when high 
temperature and pressure vapor is produced in the liner 1 upon coating of a degraded sewer 
pipe with the liner 1. That is, the liner 1, in which the glass- fiber layer 2 impregnated 
with unsaturated polyester resin is formed between the pressure resistant inner and outer 
foils 3, 4 and the removable protective layer 5 for protecting the inner foil from being 
10 damaged is formed on an inner surface of the inner foil 3, is used in this patent. 

Further, a method for coating the degraded sewer pipe with the liner 1 foimed as 
such according to the invention of the patent comprises the steps of inserting the liner 1 
into the degraded sewer pipe, expanding the liner 1 to bring the liner into close contact 
with an inner wall of the degraded sewer pipe, curing unsaturated resin by supplying the 
15 vapor into the expanded liner 1, cooling down the liner 1 by supplying compressed air, and. 
removing the inner foil 3 and the protective layer 5 for protecting the inner foil from being 
damaged, which are inserted at an inner side of the liner 1 . 

However, there is a shortcoming in that a working process of the above patent is 
complex since the cured liner should be cooled down by an additional cooling device. 
20 Korean Patent Application No. 2000-15776, which was filed by the applicant of 

the present application, discloses a technique related to a method for repairing and 
reinforcing a sewer pipe using resin transfer molding. Further, Korean Patent Application 
No. 2000-42253, which was filed by the present applicant, discloses a technique related to 
a method for repairing and reinforcing a sewer pipe using resin transfer molding with 

25 protective films. 

According to these two patent applications, a cover for injecting resin and air into 
a sewer pipe should be fastened to an end of a reinforcing element after the reinforcing 
element has been positioned onto a reinforcing location of the sewer pipe. That is, there 
are many problems in performing the repairing and reinforcing works in that the workers 

30 themselves should fasten the cover within a narrow and dirty underground pipe. 



PCT/KRO 1/0 1995 




Further, a method for repairing and reinforcing a sewer pipe using resin transfer 
molding according to Korean Patent Application No. 2000-15776 has a disadvantage in 
that underground water or waste water remaining within a sewer pipe permeates into a 
nonwoven or woven fabric, and thus, the nonwoven or woven fabric is prevented from 
5 being impregnated with resin, i.e. the wettability of the fabric is decreased. Therefore, there 
is a shortcoming in that the fabric quality is lowered and a desired reinforcing strength 
cannot be obtained. 

SUMMARY OF THE INVENTION 

10 Therefore, the present invention is conceived to solve the aforementioned 

problems in the prior art. An object of the present invention is to provide a reinforcing 
element for easily reinforcing an inner wall of an underground pipe in a trenchless manner. 

Another object of the present invention is to provide a method for easily repairing 
and reinforcing an underground pipe in a trenchless manner using thermosetting resin. 

15 According to an aspect of the present invention for achieving the object, there is 

provided a reinforcing element for use in an underground pipe, comprising a tube body 
including impermeable inner and outer tubes made of flexible material and a fiber preform 
inserted between the tubes; a resin injecting tube formed at a lower portion in one of both 
ends of the tube body in which the inner and outer tubes are hermetically bonded to each 

20 other; an air discharge tube formed at an upper portion in the other end of the tube body; 
and a porous breathing tube inserted into the air discharge tube. 

According to another aspect of the present invention, there is provided a method 
for repairing and reinforcing an underground pipe, comprising the steps of inserting an 
inner mold made of flexible material through the interior of a reinforcing element 

25 including a fiber preform surrounded by impermeable inner and outer tubes made of the 
flexible material and combining the inner mold with the reinforcing element; positioning a 
combined element, which includes the reinforcing element and the inner mold, into the 
underground pipe to be repaired and reinforced; injecting and expanding the inner mold 
with and by high temperature fluid, and brining the reinforcing element into close contact 

30 with cin inner wall of ihc underground pipe: injecting the reinforcing clcmeni wiih 
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thermosetting resin; and removing the inner mold after the thermosetting resin has been 
cured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above object and feature of the present invention will become apparent from 
the following description of preferred embodiments given in connection with the 
accompanying drawings, in which: 

FIG. 1 is a schematic view showing structural components of a conventional liner 
used for repairing a degraded pipe in the prior art; . 

FIGS. 2 and 3 are an exploded perspective view and a sectional view showing 
structural components of a reinforcing element of an underground pipe according to the 
present invention, respectively; 

FIG. 4 is a sectional view showing the other structural components of the 
reinforcing element of the underground pipe according to the present invention; 

FIGS. 5 and 6 are an exploded perspective view and a sectional view showing the 
state where an inner mold is inserted into the reinforcing element of the underground pipe 
according to the present invention, respectively; 

FIG. 7 is a schematic view illustrating a process of installing a rope in the 
underground pipe; 

FIG. 8 is a schematic view illustrating a process of putting into the underground 
pipe a combined element in which a reinforcing element and an inner mold of the present 
invention are combined with each other; 

FIG. 9 is a schematic view illustrating a process of supplying high temperature 
fluid to the inner mold shown in FIG. 8; and 

FIG. 10 is a schematic view illustrating a process of impregnating thermosetting 
resin into a fiber preform shown in FIG. 8. 

DETAILED DESCRIPTION OF THE INVENTION 
Hereinafter, a reinforcing element and a trenchless repairing and reinforcing 
method using the reinforcing element according to preferred embodiments of the present 



PCT/KR 0 1/ 01 9 95 



6 

invention will be described in detail with reference to the accompanying drawings. 

First, a reinforcing element of the present invention will be explained. 

FIGS. 2 and 3 are an exploded perspective view and a sectional view showing 
structural components of the reinforcing element of an underground pipe according to the 
present invention, respectively. As shown in FIGS. 2 and 3, the reinforcing element 10 of 
the present invention comprises a tube body 14 including impermeable inner and outer 
tubes 11, 12 made of flexible material such as a PVC tube and a fiber preform 13 inserted 
between the tubes 11, 12; a resin inlet tube 15 formed at a lower portion in one of both 
ends of the tube body 14 in which the inner and outer tubes 11, 12 are hermetically bonded 
to each other; and an air vent tube 16 formed at an upper portion in the other end of the 
tube body 14. 

The tube body 14 of the reinforcing element 10 is mass-produced and wrapped 
around a roll for storage thereof. The tube body is used by cutting it at a desired length 
thereof in a construction site upon reinforcement of the underground pipe. That is, the 
reinforcing element 10 of the present invention is manufactured in such a manner that the 
inner and outer tubes 1 1, 12 are hermetically bonded to each other after the resin inlet tube 
15 for injecting the resin and the air vent tube 16 for discharging the air have been inserted 
into both ends of the cut tube body 14, respectively. 

At this time, a fusion bonding method using a high frequency machining apparatus, 
an adhesive bonding method using an adhesive and a bonding method using a rubber 
sealant may be used for hermetically bonding the inner and outer tubes 11, 12 to each other. 

FIG. 4 is a sectional view showing the other structural components of the 
reinforcing element of the underground pipe according to the present invention. As 
shown in FIG. 4, the reinforcing element 10 further comprises a porous breathing tube 17 
inserted into the air vent tube 1 6. 

The porous breathing tube 17 is a thin tube made of flexible material which is 
inserted into the air vent tube 16 in order to completely remove air bubbles from the fiber 
preform 13 and has a diameter smaller than that of the air vent tube 16. In such a case, 
since an outer portion of the breathing tube 17 is formed with a plurality of small holes, 
through which the air hubbies remaining in the preform 13 arc. in mm. moved and 
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removed. 

As shown in FIGS. 3 and 4, the outer tube 12 of the reinforcing element 10 of the 
present invention not only prevents the fiber preform 13 from being scratched and 
damaged by an inner wall of the underground pipe but also has a function of a protective 
5 film for avoiding bad influence on resiri impregnation by preventing the fiber prefrom from 
being wetted by underground water, waste water or the like remaining within the 
underground pipe. Further, it is preferred that the outer tube 12 be coated with an 
adhesive for increasing the bonding strength between the inner wall of the underground 
pipe and the outer tube and performing a function of a lubricant that can reduce friction 

ID therebetween when the reinforcing element is inserted into the underground pipe. 

FIGs. 5 and 6 are an exploded perspective view and a sectional view showing the 
state where an inner mold is inserted into the reinforcing element of the underground pipe 
according to the present invention, respectively. As shown in FIGS. 5 and 6, an inner 
mold 20 made of flexible material is inserted into the interior of the reinforcing element 10 

15 of the present invention. The inner mold 20 is configured to take the shape of an 
elongated tube that is sealed as a whole. Opposite ends of the inner mold 20 are formed 
with holes for air injection and pressure gauge installation, respectively. That is, an air 
inlet tube 21 is mounted to one end of the inner mold 20, while a pressure gauge 22 for 
indicating pressure within the inner mold 20 is mounted to the other end thereof. 

20 Further, as described above, the inner mold 20 in which the air inlet tube 21 and 

the pressure gauge 22 are mounted to opposite ends thereof, respectively, may be inserted 
into the reinforcing element 10 constructed to include the porous breathing tube 17 shown 
in FIG. 4. . 

As shown in FIG. 6, the outer tube 12 of the reinforcing element 10 of the present 
25 invention is coated with an adhesive 23 for increasing the bonding strength between the 
inner wall of the underground pipe and the outer tube and performing a function of a 
lubricant that can reduce friction therebetween when the reinforcing element is inserted 
into, the underground pipe. - 

Next, a method for repairing and reinforcing the underground pipe according to 
30 ihe present. invention will be explained in detail. 
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An apparatus for performing the repairing and reinforcing method according to the 
present invention comprises the inner mold 20 made of flexible material and inserted into 
the reinforcing element 10 to keep a predetermined shape of the reinforcing element 10, a 
compressor or pump 25 mounted with a heater for injecting high temperature fluid (i.e., air 
5 or liquid) into the inner mold 20, and a resin supply device 26 for supplying resin to the 
inner mold. The. method for repairing and reinforcing the inner wall of the underground 
pipe using the apparatus constructed as such is performed through the following three 
processes. 

<First Process> 

10 FIG. 7 is a schematic view illustrating a process of installing a rope in the 

underground pipe, and FIG. 8 is a schematic view illustrating a process of putting into the 
underground pipe a combined element in which the reinforcing element and the inner mold 
of the present invention are combined with each other. 

First, the interior of the underground pipe 30 to be repaired and reinforced is 

15 cleaned by means of a robot 31 that can be moved along the underground pipe 30. Then, 
as shown in FIG. 7, the rope 32 is positioned into the underground pipe 30 between two 
adjacent manholes in such a manner that the robot 31 with the rope 32 fastened thereto is 
put into an arbitrary manhole 33, is caused to move along the underground pipe 30, and is 
retrieved through the next manhole 34. . 

20 Further, as shown in FIG. 8, the combined element in which the reinforcing 

element 10 constructed as shown in FIG. 6 is combined with the inner mold 20 made of the 
flexible material and inserted through the interior of the reinforcing element 10 is 
connected to an end of . the. rope 32. Then, the reinforcing element 10 and the inner mold 
20 are caused to be positioned within the relevant underground pipe 30 by pulling the rope 

25 using a winding machine 35 from an opposite side of the rope. 
<Second Process> 

FIG. 9 is a schematic view illustrating a "process of supplying high temperature 
fluid to the inner mold shown in FIG. 8. As shown in FIG. 9, the air inlet tube 21 that is 
positioned at the end of the inner mold 20 made of the flexible material is connected to the 
M) compressor or pump 25 mourned with the healer, and then causes the inner mold to be 
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expanded by injecting the high temperature fluid (i.e., air or liquid) into the inner mold. 
Due to the injection of the high temperature fluid, an external appearance of the reinforcing 
element is kept as a tubular shape by melting down, cooling down and^then curing binder 
within the fiber preform 13, and the reinforcing element 10 comes into close contact with 
the inner wall of the underground pipe. That is, due to heat of the injected fluid, the outer 
tube 12 of the reinforcing element 10 surrounding the fiber preform 13 is expanded toward 
and comes into close contact with the inner wall of the underground pipe 30. Then, the 
reinforcing element 10 is fixed to the inner wall of the underground pipe 30 by means of 
the adhesive 23 applied onto the outer tube 12. 

The binder may not be added to the fiber preform 13 employed in the present 
invention, in a case where the fiber preform 1 3 can closely adhere to the underground pipe 
while maintaining its outer appearance and the fiber preform is made so strongly that its 
outer appearance cannot be deformed although it is thrust by the resin. 

<Third Process> 

FIG. 10 is a schematic view illustrating a process of impregnating thermosetting 
resin into the fiber preform shown in FIG. 8. As shown in FIG. 10, the resin inlet tube 15 
of the reinforcing element 10 is connected to one side of a supply tube 27. And, the resin 
supply device 26 is connected to the other side of the supply tube 27 and is supplied with 
the thermosetting resin 28. At this time, the resin to be used has low viscosity since it is 
comprised of a monomer. Thus, since the resin can be easily transported, relatively low 
power is consumed during injection of the resin. When the thermosetting resin 28 is 
impregnated into the fiber preform 13 and is gradually filled between the inner and outer 
tubes 11, 12, the air residing between the inner and outer tubes 11, 12 is caused to be 
discharged through the air vent tube 16 to the outside. After the resin has been injected 
and then cured completely, the inner mold 20 is removed from the underground pipe. 
Thus, the inner wall of the underground pipe 30 has been repaired and reinforced with the 
reinforcing element 10 of the present invention are completed. 

The outer tube 12 of the reinforcing element. 10 used for the repair and 
reinforcement of the underground pipe serves as the protective film for avoiding bad 
influence on the resin impregnation by preventing the fiber prcfrom 13 from being welled 
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by the underground water, waste water and the like remaining within the underground pipe, 
while the inner tube 1 1 thereof serves as a coating film. 

Further, the tube body 14 of the reinforcing element 10. is mass-produced and 
wrapped around the roll for storage thereof, and is also used by cutting it at a desired 
length thereof in a construction site upon reinforcement of the underground pipe. 

Furthermore, in a case where the underground pipe is repaired and reinforced by 
means of the reinforcing element 10 of the present invention, the air bubbles remaining 
between the inner and outer tubes 11, 12 can be more completely removed through the 
porous breathing tube 17 upon injection of the resin. 

At this time, in a case where the underground. pipe to be repaired is a gravity pipe, 
the porous breathing tube 17 may not be removed since great strength of the reinforced 
pipe is not required. However, in a case where the underground pipe is a pressure pipe, 
the strength of the reinforced pipe is significant. Thus, the porous breathing tube 17 
should be removed after the resin injecting process since it can be a weak part when the 
underground pipe is subjected to a load. In such a case, since a portion of the porous 
breathing tube 17 protrudes beyond the air vent tube 16 toward the outside, the porous 
breathing tube can be removed by pulling the protruded portion thereof 

If desired, in order to completely remove the air between the inner and outer tubes 
1 1, 12, a vacuum may be applied, during the third process, to the air vent tube 16 through 
which the air is discharged. 

In addition, by repeating the second process once again after the resin injection has 
been completed, the inner mold 20 made of the flexible material can be injected with and 
expanded by the air. Thus, the effects of squeezing the resin within the mold can be 
obtained. Consequently, the fiber volume fraction of the reinforced pipe can be further 
increased and the air bubbles can also be further removed. 

As described in detail in the foregoing, according to the method for repairing and 
reinforcing the underground pipe according to the present invention, simplification of the 
processes and reduction of incidental expenses can be obtained since it is not necessary to 
fasten the cover for injecting the resin and air. 

Further, according to the method for repairing unci reinforcing the underground 
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pipe according to the present invention, repairing and reinforcing .effects are excellent 
since the outer tube serves as the protective film while the inner tube serves as the coating 
film. 

Furthermore, the method for repairing and reinforcing the underground pipe 
according to the present invention can be employed for repairing and reinforcing a water 
supply pipe by selecting and using a resin that is harmless to humans. Moreover, the 
present invention can be employed for repairing and reinforcing a gas pipe, a 
communication conduit or the like. 

Although the reinforcing element of the underground pipe and the trenchless 
repairing and reinforcing method using the reinforcing element according to the present 
invention have been described above with reference to the accompanying drawings, they 
illustrate the most preferred embodiment of the present invention only by way of example. 
Therefore, the present invention is not limited thereto. 

While the invention has been shown and described with respect to the preferred 
embodiment, it will be understood by a person skilled in the art that various changes and 
modifications may be made without departing from the spirit and scope of the invention as 
defined in the following claims. 
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What is claimed is: 

1 . A reinforcing element for use in an underground pipe, comprising: 

a tube body including impermeable inner and outer tubes made of flexible material 
5 and a fiber preform inserted between the tubes, and having two ends where the inner and 
outer tubes are hermetically bonded to each other; 

a resin inlet tube formed at a lower portion in one end of the tube body; 

an air vent tube formed at an upper portion in the other end of the tube body; and 

a porous breathing tube inserted into the air discharge tube. 

10 

2. A method for repairing and reinforcing an underground pipe, comprising the steps 
of: 

inserting an inner mold made of flexible material through the interior of a 
reinforcing element including a fiber preform surrounded by impermeable inner and outer 
1 5 tubes made of the flexible material and combining the inner mold with the reinforcing 
element; 

positioning a combined element, which includes the reinforcing element and the 
inner mold, into the underground pipe to be repaired and reinforced; 

injecting and expanding the inner mold with and by high temperature fluid, and 
20 brining the reinforcing element into close contact with an inner wall of the underground 
pipe; 

injecting the reinforcing element with thermosetting resin; and 
removing the inner mold after the thermosetting resin has been cured. 

25 3. The method as claimed in claim 2, wherein the step of inj ecting and expanding the 

inner mold with and by the high temperature fluid is repeated once more after the step of 
injecting the reinforcing element with the resin. 

4. The method as claimed in claim 2. wherein the step of injecting the reinforcing 

30 element with the thermosetting resin comprises the steps of injecting the thermosetting 
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resin through an end of the reinforcing element and discharging air from the other end 
thereof into which a porous breathing tube for facilitating removing air bubbles is inserted. 

5. The method as claimed in claim 2, wherein the step of positioning the combined 
5 element into the underground pipe comprises the step of applying an adhesive to the outer 

tube of the reinforcing element. 

6. The method as claimed in claim 4, whereiri the breathing tube is removed after the 
thermosetting resin has been injected, in a case where the underground pipe is a pressure 

10 pipe. 

7. The method as claimed in claim 2, wherein the reinforcing element is stored in the 
form of a roll before the step of combining the inner mold therewith. 

15 ,8. The method as claimed in claim 4, wherein a vacuum is applied to the other end 

of the reinforcing element during the step of injecting the reinforcing element with the 
thermosetting resin. 
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ABSTRACT 

The present invention relates to a method for repairing and reinforcing an 
underground pipe. The method of the present invention comprises the steps of inserting 
an inner mold 20 made of flexible material through the interior of a reinforcing element 10 
including a fiber preform 13 surrounded by impermeable inner and outer tubes 11,12 made 
of the flexible material and combining the inner mold 20 with the reinforcing element 10; 
positioning a combined element, which includes the reinforcing element 1 0 and the inner 
mold 20, into the underground pipe 30 to be repaired and reinforced; injecting and 
expanding the inner mold 20 with and by high temperature fluid, and brining the 
reinforcing element 10 into close contact with an inner wall of the underground pipe 30; 
injecting the reinforcing element 10 with thermosetting resin; and removing the inner mold 
20 after the thermosetting resin has been cured. According to the method of the present 
invention, there are advantages in that simplification of the processes and reduction of 
incidental expenses can be obtained since it is not necessary to fasten the cover for 
injecting the resin and air. 
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